
Jet Propulsion Laboratory
California Institute of Technology

THz Applications in Space

Imran Mehdi
Submillimeter-Wave AdvancedTeam(389A)

Jet PropulsionLaboratory, Pasadena, CA

December 08, 2020



Jet Propulsion Laboratory
California Institute of Technology

Outline

ÅTHz applications

ÅWhy is THz important for space 

applications ?

ÅCase studies

ÅOrigin of Earthôs water

ÅMapping of star forming regions

ÅConcluding thoughts
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Electromagnetic spectrum and MM/SMM

Å Submm-wave region probes cold objects Ą ideal for astrophysics/planetary 

bodies.
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.5-2.5

THz

Submillimeter

Frequency/Wavelength

THz Bands & Atmospheric Transmission

Erich Grossmanôs

Airhead Software

THz Transmission vs Frequency
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Introduction:  THz Applications

Space Defense Commercial
Earth Science:  
Atmosphere and how it 

changes, cloud dynamics, 

ozone depletion etc 

Astrophysics:  Study 

galaxies far away, star 

formation, star decay etc

Planetary Science: 
Planetary atmospheres and 

the search for volcanic and 

life signatures, active altitude 

control for landers etc

Bioastrophysics: detection 

of bio-molecules, detection 

of habitability etc

Imaging:  Real-time 

detection of threats 

Phenomenology:  
Detection of minute amounts 

of detrimental agents, i.e. 

poison gas, plastic 

explosives etc.

Secure communications: 
Un-penetrable and secure 

links

Imaging: Determination of 

object via THz picture

Imaging:  Contraband 

detection 

Structural integrity:  Look 

for deformity, cracks in 

material

Structural uniformity: 
medical pill information, ink 

uniformity,

Medical: detection of bio-

molecules, detection of 

cancer, detection of tooth 

decay, detection of é
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Why submm-wave spectroscopy?
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Reason #1: Submillimeter-wave energy is everywhere !
50% of the luminosity and 98% of the photons emitted since the 
Big Bang are in the THz range (NASAΩs COBE)

wŜŀǎƻƴ ІнΥ wŜŎŜƴǘ ǎǳŎŎŜǎǎ ƻŦ ǎǳōƳƳπǿŀǾŜ 
ƛƴǎǘǊǳƳŜƴǘǎ ƛƴ ŀƴǎǿŜǊƛƴƎ ŦǳƴŘŀƳŜƴǘŀƭ ǉǳŜǎǘƛƻƴǎ
Å²ŀǘŜǊƛǎƻǘƻǇŜƳŜŀǎǳǊŜƳŜƴǘǎƻƴŎƻƳŜǘǎ
Å9ǾƛŘŜƴŎŜƻŦ/ҌƛƴǘƘŜƎŀƭŀȄȅ
ÅCƛƭŀƳŜƴǘŀǊȅƴŀǘǳǊŜƻŦƻǳǊƎŀƭŀȄȅ
Å{ǘŀǊŦƻǊƳƛƴƎǊŜƎƛƻƴǎǳƴŘƛǎǘƛƴƎǳƛǎƘŀōƭŜŦǊƻƳƴƻƴπǎǘŀǊŦƻǊƳƛƴƎ
ǊŜƎƛƻƴǎ
wŜŀǎƻƴІоΥ{ǳōƳƳπǿŀǾŜƘŜǘŜǊƻŘȅƴŜǘŜŎƘƴƛǉǳŜƛǎǘƘŜƻƴƭȅ
ǿŀȅǿŜƪƴƻǿƻŦŦƻǊƳŀƪƛƴƎǾŜǊȅƘƛƎƘǊŜǎƻƭǳǘƛƻƴǎǇŜŎǘǊŀ
wŜŀǎƻƴІпΥaŀǘǳǊŀǘƛƻƴƻŦ¢IȊǘŜŎƘƴƻƭƻƎȅ

Å How was the Universe created?
Å Are we alone?
Å Twinkle twinkle little star, How I 

wonder what you are ?
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Thermal emission principle

ÅIn thermal emission (continuum) mode, the receivers measure the flux 

density (ñbrightnessò) radiated by the observed object (if unresolved) 

or region (if resolved), which is converted into an antenna 

temperature TA using the full Planck function. 

ÅThis flux depends on thermophysical and electrical properties (and 

observation geometry, not fully shown here).

Le(n) =
l

2p er tanD

ÅTherefore, both a thermal model (for heat 

transfer) and a dielectric properties model (for 

thermal emission), are needed in order to fully 

inverse the measurements into thermal 

properties.

ÅKey parameter: electrical penetration depth, Le, 

which provides an estimate of depth of 

emission:
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Rotational spectroscopy principle

CO

Very high sensitivity to gases


